Currently, two types of inhibitors of human immunodeficiency virus (HIV) have been developed as therapeutic drugs for acquired immunodeficiency syndrome (AIDS). One is an HIV-1 reverse transcriptase (RT) inhibitor, and the other is an HIV-1 protease (PR) inhibitor. Both enzymes are essential for the replication of HIV. Combinational uses of these two types of agents have succeeded in lowering the emergency of the viral resistance to anti-HIV drugs. However, the virus cannot be completely eradicated from the bodies of patients and these anti-HIV drugs are still too expensive to be used by a majority of AIDS patients. Many attempts to develop new anti-HIV agents have led to the synthesis and isolation of a variety of HIV-1 PR or RT inhibitors. However, many of the enzyme inhibitors showed poor anti-HIV activity regardless of their potent enzyme inhibitory activities. Recently, another concept of drug combination emerged, that is to link two types of HIV inhibitors with a chemical bond, such as conjugates of HIV-1 RT inhibitory nucleosides with nonnucleosides, 1, 2) and of HIV-1 RT inhibitors with HIV-1 PR inhibitors.
3) The conjugates of two enzyme inhibitors are not only expected to lower the speed of the emergence of virusdrug resistance, 1) but also to enhance the anti-HIV activity. 3) We have previously reported that dicarboxylic acid hemiesters of ursolic acid, oleanolic acid and betulinic acid showed potent inhibitory activity on HIV-1 PR. 4, 5) However, most of these derivatives showed no appreciable anti-HIV activity, which was believed to be due to the poor cell permeability. Following the concept mentioned above, we prepared some conjugates of triterpene derivatives with other anti-HIV agents, and their anti-HIV activity and HIV-1 PR inhibitory activity were compared with those of the respective units in the present paper.
Results and Discussion
Compounds 2-8, 1a-8a were synthesized as reported previously.
5) The triterpene-AZT (azidothymidine) conjugates (1b, 2b) and triterpene-FK 3000 conjugates (2f, 4f, 6f) were synthesized by condensation of the corresponding dicarboxylic acid hemiesters (1a, 2a, 4a, 6a) with AZT or FK 3000 in the presence of dicyclohexylcarbodiimide (DCC) and 4-dimethylaminopyridine (DMAP) in CH 2 Cl 2 -CH 3 CN.
Compounds 3b-8b were prepared by coupling the respective amines or oximes with adipic acid hemiester of AZT, the latter being prepared by condensation of AZT with adipic acid using a DCC-DMAP method.
The inhibitory activity of the synthesized triterpene conjugates against HIV-1 PR was evaluated by quantitative high performance liquid chromatographic (HPLC) analysis of the The conjugates of some dicarboxylic acid hemiesters of triterpenes which show potent inhibition against human immunodeficiency virus type 1 protease (HIV-1 PR) with a reverse transcriptase inhibitor azidothymidine (AZT) or anti-HIV alkaloid FK 3000 were prepared, and their inhibitory activities were investigated against HIV-induced cytopathic effects (CPE) and HIV-1 PR. Most of the triterpene-AZT conjugates showed potent anti-HIV activity as well as moderate to potent PR inhibitory activity, though AZT itself showed no PR inhibitory activity at all. However, the triterpene-FK 3000 conjugates showed neither PR inhibitory activity nor anti-HIV activity.
Key words FK 3000; azidothymidine (AZT); protease inhibition; reverse transcriptase inhibition; triterpene-AZT conjugate; human immunodeficiency virus cleavage products of a synthetic substrate. The 50% inhibitory concentrations (IC 50 ) of these conjugates against HIV-1 PR are listed in Table 1 . The anti-HIV activity and cytotoxicity of the conjugates were evaluated with MT-4 cells. The results were represented as IC 100 and CC 0 values, referring to the minimum concentration for complete inhibition of HIV-1 induced cytopathic effects (CPE) and the minimum concentration for appearance of MT-4 cell toxicity, respectively.
Although potent HIV-1 PR inhibitory activity was observed in many dicarboxylic acid hemiesters of oleanolic acid (1a-8a), most of them exhibited no appreciable anti-HIV activity. It has been reported that some compounds with free carboxylic groups in their structures showed potent HIV-1 PR inhibitory activity but little anti-HIV activity due to their poor cell permeability.
3) Conjugates of these HIV-1 PR inhibitors with a reverse transcriptase inhibitor, such as AZT, may increase their permeability to the cell. The conjugates then split into two different classes of anti-HIV agents inside the cell and thus express excellent antiviral activity.
3) Inspired by this concept, we prepared several triterpene-AZT conjugates and triterpene-FK 3000 conjugates. FK 3000 is a morphinane type alkaloid having anti-herpes simplex virus activity in vitro and in vivo by inhibiting viral DNA synthesis. [6] [7] [8] In addition, we found that FK 3000 also had anti-HIV activity (IC 100 ϭ7.8 mg/ml, CC 0 ϭ15.6 mg/ml) but no inhibi-tory activity against HIV-1 PR, suggesting that it targets a stage of the viral life cycle, different from that mediated by PR. When all the conjugates were tested for their anti-HIV activity and PR inhibitory activity, the triterpene-FK 3000 conjugates (2f, 4f, 6f) showed neither inhibitory activity against HIV-1 PR nor anti-HIV activity. The poor anti-HIV activity of the triterpene-FK 3000 conjugates may be due to the less permeability to cells and/or the difficulty in cleaving an amide bond of the conjugates into two active inhibitory components inside the cells.
On the other hand, all the triterpene-AZT conjugates (1b-8b) showed potent anti-HIV activity (Table 1) and this activity was compared with the relative potency of samples to AZT. The 28-free acid derivatives (1b, 3b, 5b, 7b) were more potent than the corresponding 28-methyl ester derivatives (2b, 4b, 6b, 8b) . With respect to the chemical bond at position-3, the 3-amide conjugates (5b-7b except for 8b) were the most potent followed by the 3-imide conjugates (3b, 4b). The conjugates with a 3-ester bond (1b, 2b) showed the weakest anti-HIV activity among the triterpene-AZT conjugates (1b-8b). The most potent compound (7b) completely inhibited HIV-1 induced CPE on MT-4 cells at 0.47 mM, 1/7.8 fold of the potency of AZT.
Although AZT itself showed no inhibitory activity against HIV-1 PR, most of the triterpene-AZT conjugates exhibited moderate to potent PR inhibitory activity. Especially, those had a free acid group at position-28 (1b, 3b, 5b, 7b) showed inhibitory activity against HIV-1 PR comparable to or even more potent than the corresponding triterpene dicarboxylic acid hemiesters (1a, 3a, 5a, 7a) . The most potent conjugate 5b had an IC 50 as low as 1.2 mM. Since no hydrolysis of the triterpene-AZT conjugates was observed under the assay conditions when monitored by HPLC, the triterpene-AZT conjugates but not the hydrolysates were responsible for the inhibitory activity of 1b-8b against HIV-1 PR. Size exclusion chromatography of 5b using the reported method 5) revealed that the action mechanism was dimerization inhibition (data not shown). The improved potency of triterpene-AZT conjugates over triterpene dicarboxylic acid hemiesters may indicate that the overall structures of the triterpene conjugate could fit at a site of HIV-1 PR leading to the inhibition of dimerization. Although the anti-HIV activity of these conjugates was weaker than that of AZT itself, the PR inhibitory effects may be effective for AZT-resistant virus. Chemicals and Enzyme FK 3000 was isolated from the root tubers of Stephania cepharantha HAYATA as reported previously. 6) An HIV-protease assay kit was purchased from Backem Bioscience.
Experimental General Experimental Procedures
General Procedure for Coupling of Oleanolic Acid Derivatives with AZT (1b, 2b) Azidothymidine (70 mg, 0.26 mmol) and DCC (8.0 mg, 0.04 mmol) were added to a solution of triterpene acid (1a or 2a 0.02-0.04 mmol) and DMAP (4.0 mg, 0.03 mmol) in a mixture of CH 2 Cl 2 -CH 3 CN (4 : 1, 2 ml). The reaction mixture was allowed to stand for 10 h at room temperature with stirring. The solvent was then removed, and the residue was subjected to column chromatography on RP-18 (H 2 O-MeOH 3 : 7-0 : 1). ϩ (80). 3a a-and 3b b-Amino-olean-12-en-28-olic Acids (5, 7) Sodium cyanoborohydride (0.42 g, 9 mmol) was added to a methanol solution of 3-hydroxyimino-olean-12-en-28-oic acid (200 mg, 0.41 mmol) 5) and ammonium acetate (0.37 g, 6.8 mmol) under argon atmosphere. The solution was cooled in ice water, and 15% aqueous titanium bichloride (1.2 ml, 1.4 mmol) was added dropwise over 20 min. The mixture was stirred at room temperature for 12 h and then treated with 2 N sodium hydroxide to adjust to pH 10. The aqueous solution was extracted with CHC1 3 (150 mlϫ2), and the organic layer was repeatedly washed with water and concentrated to dryness to give a mixture of 3a-and 3b-amino compounds as a white powder, in a yield of 89.0%.
Preparation of Compounds 3b-8b A mixture of adipoylazidothymidine (27-60 mg, 0.07 mmol), 3, 4, 6, 8, or 3a-and 3b-amino-oleanolic acids (5ϩ7) (15-30 mg, 0.03-0.06 mmol), DMAP (7 mg, 0.06 mmol) and DCC (16 mg, 0.08 mmol) in THF (2 ml) was stirred overnight at room temperature until the starting material disappeared. The reaction mixture was then treated with water, concentrated to dryness under vacuum, and purified by chromatography on a column of ODS and HPLC (H 2 O-MeOH 20 : 80-0 : 100) to give compounds 3b-8b. 
